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20. Abstract continued

PM alloy, formtilat ion of a color micrograph method for titanium-hydride
determination, and use of new microcomputer methods for stereological analyses
of microstrtictures. The Materials Characterization Facility is described in
terms (i the physical plant and the methods of operation used in accomplishing
the research on microstructures.
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PREFACE

This final report was prepared by the Research Applications Division of

Systems Research Laboratories, Inc., 2801) Indian Ripple Road, Dayton, OH

45440, under Contract No. F33615-77-C-5008, Project 2418, Task 02, Work Unit

01, with Mr. Charles Underwood (AFWAI,/MI.,S) as (;overnment Project Monitor.

The research wa, conducted by Mr. Allen C. Jackson, Mr. Ralph E. Omlor,

Mr. Richard J1. Bacon, Mr. M. Brewster Strope, Ms. Pamela F. Lloyd, Mr. Robert

I). Brodecki, Mr. Walter .1. Custer, Mr. Fritz ). l)euts'lier, Ms. I. Cheryl

Conley, and Mr. James G. Paine. This report describes efforts performed

during the period 1 May 1977 - 1 October 1980. The report was submitted in

February 1981.
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It is n,,t c,,rrentiv possible to predict the mechanical properties of a

mate.rial trom its microstructure in a quantitative fashion. The ability

to do so, however, would substantially reduce the amount of mechanical

too-ting rt-quired to evaluate a material. Recognizing the increase in

r,.liailitv and the cost savings that would result from the use of quanti-

tat le. techniques, the Materials Laboratory has been active in the

;,Iant itative-metallographv area in the past. The theme of the work has

t,:,. de.'lo)m,'nt of the techniques necessary for the recording of

m:l, r,-tr,,tiural intormation in a form which can be handled by a computer

.,,.- to,- .lount of the means for subsequently relating the micro-

.tr,., t i r l in! ormation to the mechanical properties.

att itat iv-m, tallovraphv effort has been concentrated mainly on

. ,o: . a1,'. inc it 1; considered to be the most challenging area

* r in 'I ;..,nt where the need for quantitative techniques is greatest.

- . tut tAt iv.- ,rran was one of technique development and

: n t tht. e- tort in microstructure/property relationships

art , t , is )rogram.

r imi, , in turbine, engines offers significant potential

,-ri an, l,we.r cost. Recognizing this, an Interagency

, th, Appliation ot C(eramics to Turbine Engines was

r o r - to 1,love lop an interdependent program as a

*I . .'., w.' ,, I ifhmt.nt .. It was agreed that the Air Force

rt . i.l, ,a .-,. 1,p-d ,b other organizations and also

*.,.. , T: .at , t,-r izat ion Ior the component programs of

'I. 4at. r l: lahoratorv act ivitv covers the area

i* -,' - ri/at in ant that area of mechanical behavior

, ' ,. .i, it i,,n ,, ceramics to turbines.

i% fv th. Air Force on the durabi ity of

,. ti ap ill', incre.asing acquisition and

* I m h,. hrd.n to the Air Force in maintaining

• * '.- , , .,-,,, i.I. .. . I)nt. ot the most significant results

-- - - ~~i l -- - - - -- .- -- -- *



of the recognition of these problems was the int tot t i,0 ,, t ,, .'

Tolerant Design approach to new USAF a irtrames. IHi'l,. i,,,I''..

advanced engines has prodllced a need Io rrsoz If I mo I1, ' !, II

in engines. These problems have led to Mat.rial.s .,i,,, -i.. ,

development of improved techni pies lor pr- di,t ini, t ,. ,t i,,

engine and airframe ,-omponents and t) inv.-,t i.t ion, ,* !i ii. I

the corrosion, stress-corrosion, and ,rt ,, ' i I . , ,, .

structural materials.

The program on microstructural tharaet-riiati on 1-n.,li ,

above areas being carried out within th, AFW.AI Mat., ia.1 a ! ,t,* ,

'nique equipment and specialized in\vest ihati,. t..

laboratory were, used. 'l* r ra' prs.' iI., t I ' I •

re(Ii ired for v It ect i ve accmp I i shmn ,

the inherently diversk, explo ator ;r,,nr nit ,

work. To meet these needs t t , tiv,! , t, U . .ir ,

at the AFWAI. Materials laboratt%.

lit . aIl oh ,. t iv,. 1 ii ,.p

ju t I-, rIt t I. nI- . I In I 1

T' .c hlniques c~mplo , ,! w',,r, -, t i. "j! I ', '

quantitative m -tal l ,,:.; i

required applicat ion ,t s, in.o: .:.

oI t he-, methods.

Mat.rials on which ch tari t , i

nonmetals sich as * cral.i , , I ,! t

\Iiox's inclilded thios;t ' o 11! a lin! I

Boron-titaniuim-silico , Tn ,. ,. i.*
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HIHI.ICHIS OF SPECIFIC MA'T'ERIALS-CHARACTERIZAT ION-FAC11.1 TI ES ACTIVITIES

Brief descriptions of representative research efforts will now be presented

for electron-optics, optical metallography, quantitative metallography, and

special projects. Only the highlights are presented here since detailed

reports have been submitted separately.
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I %'. , .l-,i l , h. l . .1 t..'mniqnL" or preparing thin toils for TEM was

. ,I . l , ,i t t . I l i i . tt., hi t i i t , a l l o w s p r t p a r a t i o n o f a loi l t r o m

i i i .I I a,, ti t t ' . I i at ti i. s ir ta t.; th is perm its study of the modes

t .t . t ',. . , ' t t I i a t i o n . l i A l r i g t h e c o u r s ., o f t h i s s t u d v , a s e c o n d a r v

* it . , !,i. 1 1i t 4 41 alimi ltim powder product was isolated.

, ri. ti . t . 0 1 tt fa t i gin , r.' k- g row th spe c tme n w a s remo ve d u s in g

I L11 t[ld ' it-of f aw 4i1t grou +nd int iI onI v traces of the original

I. , " i, fi . Ibt oppos- r t v. tit, . of t ihe sample , was ground until an

1,K1 i' ,n wa It t.3 inf I s a -utplied ptun chIi, Ii- in,. disks we reA

, , ,,! Ioll It .. I m, t.. I ht disk s wvr , ar .t 11 lv ground (on the side

, ,t. t t i tI,1 ilt .-t* lt, ,ti onlv) t o a I-mi! thi ckness. The sample was

t 1, t to, ,I ' h t itt a dfoit hl .- ij t po I i he r unt iI bo th s ides were sh iny 4
I. , ,id , o? t h p 1 is h v r w a s m a r k e d o f f t o p r o t e c t t h e f r a c t u r e

S 1 . i o in tit hi r a t t ai k , ani e le c t ro po l is h in g c o n t in ue(d o n t h e s id e

';'1,' - tit t l t t -surf ace tint i perlt rrat ion , t tirr tl.

P , i -' h ju g o lklt t io lt : 2 0 ; IIN it

1t 1 cut it , it;: hi) V, 2 1 mA

I etmp rat t0 - : -at rt

I' l Sh i n , itn i t rwin - I e t F i sc h lo ne .

'amplt,.. r .Iprtsvnt in , dt .ihvdrided and l hvdrided TI-6-4 were exam ined. The

.tridt ,d spec lmens were verv brittle , and the mac 'rosampit, required a special

"a .king-pol ishing technique before ele( -tropolishing could he performed

iising standard techniques. The specimen was cut at a thickness which

pr .vtnted breaking, 10-15 mil, ant thli t ive )-mm discs were marked off u ,sing

a IENKI acid-resistant tape and microstop. This hulk sample was thenpo lished, anti fairly uniform -mm discs were produced--still at a

thickness ot 10-15 ril1. These discs were hand polished down to a thickness

91
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ot I-5 mil and then electropolished using standard pol Ishing t.4 hnique.

krv than 200 micrographs have been taken ol this type ot specliwn. e ,,n

examples are shown in Figs. 1-4.

The Philips 300 electron microscope was used in a series of tests on

Ti 6-4 + H with the hot-stage attachment. The specimen was tested at

several temperatures for fixed periods of time, the final temperature

being 350"C for 20 min. Examples of the work are Fig. 5-6 which show

the same area subjected to various heat treatments.

In a continuing; program on AF 115 and AF 2-IDA superalloys, a method was

required for producing high-quality, high-magnificationmicrographsof the

special features of superalloy fatigue and fracture surfaces. SEM photo-

micrographs were taken on the ETEC of areas of interest (see Fig. 7)

for reference purposes. These areas were then replicated using standard

replicating techniques. A special copper grid was then used for the replica.

This grid (Nartiform grid made in England) has the alphabet imprinted on

it (see Fig. 8). Using optical microscopy, the replica was then placed

in the grid and the location of the area of interest marked, according

to the alphabet. In this way, the area of interest could be located easily

in the TE. Figure 9 is an SEM micrograph of a pore and its cracks,

and Fig. 10 is a TEM replica showing the pore and its cracks. Other

examples of TEM replication are shown in Figs. 11-14. As illustrated by

these figures, this method produced good results for AF 2-1DA and AF 115

superal lovs.

Nonmetallic Materials. A program involving blended polymer samples was

initiated. Since this material Is very sensitive to the electron beam

(radiation damage, heat, etc.), extensive sample-preparation techniques

(including ricrotomy) were required. In the first stage of this program,

blends of PBT and AB-PBI polymers were cast from solutions onto stainless-

steel grids. Figures 15-17 show singLe crystals isolated using this method

10
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5 min. I5fOu

Figture ha. init ial (ondit ion to I i- 1,AI-4V + H Specimen.

20 min. moo

Fl-'ur , hh. Lt tl ,t of Hb.e t in , at i)W'I ,ip n -lNI otit ion s Ir -s nt in the Hydride.
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F iguru M. l~et t irid( (r ii Vsvd r o 1cate Arvas, o!i-;~ I



* I'. ' :,I i, -i O-Ywwiflk -i Pore and Its Crac-ks.



Figure 11. Large Carl ii, Part 1. 1,

Figure 12. She'ar ' war th, Port,.
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I , I- . I 1" t I.t erns.. Var iotis ot her met hodm ot iamp14. proparat ion

ni. -i .n ui , -i t-nme sampl s 1)repart.d. For eample, a I lr!

\ ' I I , n Na4 OII w.'I. prepar.d. the t I vIr was wasblid, t hl n

.1 1.i I.,, , it, tile microscope for ohservat ion. 1() IHI cast

W . . ". i .' . itI t .it,Rtd J1 600'(' 1or I min . In N-. I.ow i II lumina itn

S " . I-. , red. Figurt IM shows the. edlges of tvpi al po'.,mt.r

. , 1 ind 21) illustrat, thu tv'ies ot diflraction pattrn.

I I ii t I tht.-s., poi vmers.

, ., ,11 1,, ,., Sl 'ial disp.rsion t,,chniiqots in order to se-parate

I -. t xamina t ion. ith. li( powders were tilt ra 1nica l I v

,~~~ ~ --, ' :., , , arbon-coated r ids . With this method particle,

iT 1 -11 i .. ... (I • , ,a i . Figurt. 21a shows TiC No. 12, and its

tl : . howvn in Fig. 21h. The purpose of this rk-. -arch

, 1 1 t I, s izt, and .shape an ( t o obt a in e Iec tron -d i ttrac tion

I I,' .t rates the results of this technique on a TiC

1il, '.. 1 Mliduct 1 d on various Ti powders produced

:,. The purpose of this effort was to identifv

tr', and contaminant level present in the powders.

- . . . characterized. Th procedure used was to
S. ', . i . , ,ile samples to det-ermine the microstructure and

t i,. ,ustvn contanvinat ion trotin the electrodes used

I .7. , . , I . Powders w rt' ;lsi cxamined direct Iv h% SEI.

w! i itroducid hv various processes such as 1llP'ing

. r t :, ,t .,ri, i.valkited for microstructure.

r . , '. imari 1% t onsist ,d of diterminat ion of Iractur,-
c ,7. - ci: 1,' i it i t u ion )s liy f eatures pr-sent at tli

... I . . . II * l or, I .1 i Ivnicni t s, an1( (' OlPl tlndlf . Nat r iaIs I

. . .. : , ',,tt.f l .i l, ' : .iluminum T(lll), ni k I -h, se a Illovs

t '111 c

II I. * I i I



Figure 19. Diffraction Pattern from Polymer Showing
Good Crystallinity.

Figure 20. Diffraction Pattern from Polymer Showing
Ring Structure in Pattern, Indicating Low-
Order Crystallinity.
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(a)

(b)

FVigir, 21 (a) TEN Micrograph of TiC Powder Particles.

(b) Diffraction Pattern from the Particles
of (a).
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FiguIre 22. flittract iof Pattern and JBr~ih-Vi&.d Image- of I ( I ist~ rajt jns
Restj Its I'sInig t li Stira.-Ni-tvii I f/cr ' -h iiti v n .
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Elect ron-Probe Microanalysis

Significant progress was made in efIforts to proy 1(14 qulan tit at ivi.aciv

rout inelx. Early in the program the ZAF program from NRS was Obtained,

dlebugged, and made operational on the? CDC 6600 system. In 1979 a small

computer system (Apple 11) was acquired to allow faster turn-around in

complet ing computations. Thet ZAF program was translated from FORTRAN to

BASIC, debugged, and put into operation on the Apple 11 system. The

use of* the Apple 11 is now routine f-or analyvses of from two to nine

el1ement s. Mod if icat ions and i mI-rovemelit.L to the VASIC program have heen

made whi ich s impli fv its uise and facilitate changes in output formatoi4 or

increaSks ill SCOpC.

As part of the re~search effort, a short course was presented on quant itat ive

analIvs is of FI'MA data. The goa of- the course was to provide su ffi ci ent

background in I o rmat ion on E!'MA cal I uI at ion methods to enah le EPMA users

to aissess their re-sults correct lv and to familiarize them with the NBS

FRAMY1 I V program hic i g uised. The lectures stressed the physical processes

invo lx'd and tin, eiat ions used to describe these processes . Examples of

rowa rch pe-rformed are presented be low.

..\- Al tovs. Samples of aluminum powder-metal alloy were examined in an

at tempt to de-termine, the cause of low strength. Large particles were

obhserved in each sample, with Specimen #235 having fewer and smaller

particles than #10O8. A sample of good material showed no such particles.

Pte larger and more bloc kv the particles, the lower the magnesium

cont I(ilt . Ill t he " 11W i rig ta sboth weight percent and atomic percent
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Shetl* 1235

Test I loot 2 Toot 3 Average

1e1emnt Utz At% Utz Atz Utz Ati UtZ Ati

At 2.2 2.8 2.0 2.4 0.3 1.1 1.7 2.1

i 73.1 62.7 60.6 67.5 68.3 82.3 74.0 8 4.2

Cr 0.3 0.2 0.3 0.2 0.1 0.0 40.2 0.1

Fe 2.3 1.3 1.5 0.6 2.7 1.6 2.2 1.2

Co 20.9 10.6 13.3 06.6 24.0 13.3 19.4 1 0.2

Cu 2.4 1.1 2.3 1.1 1.8 0.9 2.2 1.0

Zs 2.4 01.1 3.3 1.5 1.6 0.8 2.4 1.1

Sample 6108

Test I Test 2 Test 3 Average

49 0.1 0.0 1.3 1.8 0.0 0.0 0.5 0.6

Al 65.0 12.1 65.5 60.6 65.8 81.8 65.4 8 1.6

Cr 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Fe 2.6 1.6 3.1 1.8 2.6 1.6 2.7 1.7

CO 26.1 15.1 24.4 13.8 26.9 15.3 25.8 1 4.7

Cu 1.3 0.7 2.0 1.0 1.4 0.7 1.6 0.6

Zi 1.0 0.5 1.5 0.6 1.1 0.6 1.2 0.6

An aluminum powder-metal allov was examined to determine the chemistry of

rod-shapetd precipitates in the O.0)1Co sample. Also a 0.47Co alloy was

examined to determine whether rod-shaped precipitates were present. The

part iles are too small for quantitative analysis. The relative X-ray

CO~ntS obtained by EIS are given ,,n lie fid lowing page. Notice that the

are , hi in rn and coppit-i, possihlv A] 7 Cu2Fe.

26
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0.4 Cobalt Sample

no Al Fe Co Cu Zn

Round particle 2201 112452 606 4198 644 1512

Round particle 2503 110094 906 5480 546 1401

1.5 x.5 rod 1929 111307 911 6800 592 1176

latrix 2396 13023 0 0 4" 2316

Ni-Base Alloys. Extensive quantitative analysis was performed on two INIOO

specimens having different grain sizes to determine whether a difference

exists in composition. The difference in chemistrv between the matrix

and the gamma prime was compared. The sample identified as IDX has finer

grains than the sample D N Radial. The gamma prime is similar in both,

but the matrix difters. The analysis is as follows:

D N Radial Specimen, Matrix, Spot Analysis

Element 1 2 3 4 Avg.

Al 4.76 4.49 4.65 4.79 4.67

Ti 4.52 4.55 4.51 4.57 4.54
I

V 1.20 1.20 1.16 1.19 1.19

Cr 14.76 14.80 14.34 14.54 14.61

Co 19.97 20.28 19.55 19.82 19.91

Ni 51.93 51.51 51.80 52.01 51.81

Mo 3.69 3.80 4.04 4.30 4.01

Total 101.02 100.63 100.06 101.21 100. 74
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St eels. Fracture surfaces in 4340 steel were examined for fatigue in air

and tatigue in an S0 2 environment. The air sample had a very rough

surace with much secondary cracking. Ductile tear was noted even in the

fat igue area whenever a stringer was found, and there were many in the

short-transverse specimen. Several fields of round inclusions were noted.

The SO) sample had a rough surface also, but fewer stringers were observed

and there was much secondary cracking. This was a very confusing fatigue

area, and no fatigue lines were observed. Much of the surface was covered

with contamination which may have masked the fatigue striations.

Nonmetallics. Quantitative analysis of copper-sulfide films on various

substrates posed several problems which made analysis impractical. The

electron beam, even at only 5 kV, caused some of the samples to bubble.

This led to the speculation that some of the sulfur was being removed during

analysis. BV using a fast scan at TV rates and 5000Y magnification, the

bubbling was greatly reduced although the estimated energy being dissipated

was still about 500,000 N7 per square meter. It was felt that none of the

samples was infinitely thick to the electron beam, which means that the

substrate is contributing to the total yield of X-rays.

Averages of three scans of copper and sulfur counts were tabulated for

all specimens and compared with conductivity data which were supplied

with the specimens. Three tests per specimen are ordinarily insufficient

for determination of the exact ratio with a high degree of reliability.

However, the other factors mentioned above make this a reasonable number.

SFM photos of the surface of each specimen were also taken at two different

magnifications. Most of the samples have particles which are high in

copper. Sulfur from the As2S 3 substrates contributes to the total count

and, therefore, the calculated percentages for As and S are too high. In

general,ratios from similar substrates should be compared. Lower copper

content seems to produce better conductivity. If thicker layers can be

l tposited (ahout 2 ), this analvsis could he accomplished on the probe.

28
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('e-r-alics. S ,i N 4 wh it'Ih had been oxiI i/ied fill 0i hI i a I If()' w~i- I jir i t. -

izc.d f or- concent rat ion prof i I L", (f t Mg_ *iuld W al 1. 1 m11 t Ij Wi III Ipt

I rom t Iek surfI at- t o t lit- iltecr I i t I? t Ilk' Sf'i 111511. 11l1'.t ~i-1 WI" ill I-

snai I I par t I II cs d istn I-Ihut ed tl1 OI I igi I It t lie' S110 fii t'll M I! i 1 ri-a-u'fl oWar.I

the center but seemned to tic constant at ttir the, t I rst I M) to I )f)

llowv-r , Mg was h igh i n thIek out s I it, I aver. Ca concent ra t ion was v ,, I,)

in the spec imc'n, hilt tht-et was a layver of Ca-r ich mater ial around t he Ouit Si I'

of the spec imen'f. Al though oxygenl couldi not hc de't -cit e', it a ilght ha.' 1Oh(.

pre'sent in modest cone ent rat i on..

M,, tal l o~raphv anl ]'hot ,) Labs

Rese-areli on prepa rat ion of spec imens for t'xami nat ion of the m c rost ru(ltulre

was accomplIi shed on a w id(e variletyv of materials, These included Al all ovs,

P/M all ovs , suieral11ovs , steels, Iiber- rein fo rcedl alov s, and graphite

ibers. Fach type' of material reqii i res the use of a difIferent te-cho ique

or ext ens ion oif a t eChln h pie to( r('al 11 (inlls spec imen f eatur tes . P repa-

rat ion -ons iStS Of cutt ing, grinding, pol ishiing, mount ing, etching, and

heat treat inIg as wetI I as dhocuiment ing tile macrost ructuire and microstructuire.

In several cases tihe inf luence Of' etching and polishing techniques upon

tie Al alloys and upon the superallovs was svstemat ica liv examined. Such

examination was required because the standard techniques did not produce

a suitable finish. The microstruicture was obscured by polishing or etching.

Specimen preparation of B-11l Ti, Ti powders, Ni-base superallovs, and

various other Ti alloys was accomplished. Also a great deal of time was

spent on developing a color metallographic technique for the identiffiation

of phases In hydrogenated TI alloys. Reports of tilis wo~rk were presented

ait the 1978 IMS meeting.

Specimen-Preparation Technique. Metallographic preparation of materials

often requires tile lise of special etchants and/or techniques to reveal

tile microstruicture, particularly when new alloys are involved, as In the



it I I i b1- int', cIolhIot (I oil I'M T i -5AI1 -2. 5Sn

I r I '7 i- nac 1 l I p'0I i sfit itig -ti fli'ifv po t i sbt/et chI

I li;)i1ksnt and tor rciotval ot d isturbe'd

:I t i II .I ;,;It til ilp t thn u l- iqth' -, u I t ('d ill -.ta inintg that

f f . in n,] Ip) shitig. litnce, the f inal product was 4

i i n,-. a i t eapt'- to correct this condition, the following

i r- n .1,v o to viiiiniZe' staining in these alloys:

I -i tch tiing 401 nil glycerol , 101 ml nitric acid, 2 mil hyvdro-

0I CW iC dl, 311 dI n I ml ed rot I tior i c ac id.

i ju111 iiiId iat'l V intt flwing ' hot water.

it iuiklv tlrv uing air blast.

.41Inriel1d jatel V swdab spe I' inetn with 20 stiltFuric aci (Ii-oltit ion.

p ins, inl w-t er, nemit ral izt' wi th sod itim-catrbonat t- soltit iont

nst ai i n add r v .

t-IChit up.- i ; apj I icab I" LO (It tL'1 r 'I i PI' Iill OVS as" W . lit. 11t CIA t llI

Ii rm ini- 1 i it roit-ill CIl'oiif~llS- wasl thorough I V CX-Ii' . I10

*t H )ii ur ' ,n v t I i'..- ) jn It i su at r- . Ih ts - I .,r, I - . if Tt )w-

I -I t I .and ",Ip t I i Ip', Il , f11 iiW - . T!;1t t !)' X t I Ii stkd . I lit'

I I i it TIt II 1,4~i tis i. .ts i w ti- , fr invt iit' 01" iolf, of 'art ictilar

11 1 in I ' I . itnt . , It I I -I-. T t i-t ItCh . St tI'k I Il~ktA

.! ;0, 'i-r a t ioi' t 0 w lhi w. ie- tirt. Ini thei wuakened cond it ion,

We. 'lilt Ifl t' .t'-tt1 ti. -,t-. 't iostat i ve to hecat t reat -

;Ill,! , i I I f I i 'KI I I t iti i d a ilt to tlt i)Ik



Figure 23 . Spec imen Etche~d I'sing the )heve] opcd t'Aiing
Procedure. The mater ia I is Ti-5A 1 -2. 5Sn + (
hea ted to 1975' F/ 1 5 m in ;ind wait er qllen, lied.
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Figure 21. Same Specimen as Fig.21 , F-ollowing Polishing
and Ftching Using Standard Kroll's Reagent.
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! F - 'Ti. Tl!' ,. F i., .... if F"'! F ;F IFH ' " I. . . '

,VI AH' .I- WORI( FHi' IN MIFTAII.1,-KAPHY IAH

.11 I~

-~~~Fm F . Si4

r T I I'' t , 4 '

SI'."t,",RY s ORK F1.1OW IN Till' PiOTO L.AKS

1977 - 1978

I . " 1 SIides Misc. Color

21f8 4 13 192 84

1454 72 88 456

1004 119 100 53 10

1124 29 545 273 23

Iota 1 7()0 1117 925 866 15 10891

Average of 42 items/day
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Calculatiton of cooling rates from te sizes yielded acceptable times on

the order of 10- to 10- SeU. Credihility in the measuirement, however,

reqiulrrs a st andard to allow estimat ion Mi standard deviat ions expected

with this type tif measuremen~t

king 11emn A Kroui ot I J-(-4 I Itnt wai. ret uiu ItoI t measuretmc tit

I> gr..8. 1 . 1, ira. wai'. r. 'jlr,! t hu i,' tit a. ,omil he real-

I,'; ii' ln. t~'ient it- U. lng he- v 1 1d I as(o lipe nel t he 910 .2( 1 t em had

I. . n t I. We I. ,'TI4. Iit pq-..11 it A.1pe-Id.ii?1 . i , t -n s I

i I i r K i.ei. t. I tir 71- ~ ~ u rh A.r-.- di, it

t -i ,- j 1. i Ptt i . Insa ,- dt : I I I il trInt Io I I. wa adoI ted

I ,~ilt -r- n ~ .1a1 g.10 . ,a '? 1 hin). I In' ths together Iv

wit I t I1!. V1 n, I pho iiticgratpl was taken (it tacli ring/standard arva combinat ion.

oel-r*mlt' t hi, r in ! are:I ;ini thet( st andard area was t lhen made us ing theit

I , I t I t.r in it lic ar Iea-m. ;istirement mode . Ac iwra- loes atIt ained In IthIis wav

wter.- (. 7 'i jamit tcr ( I. 4" area ). WileI tIIs method requ I red t hat someone

*,v I1 a Irce-a siir each area its we! I as phot ograph the rings, the high

-I, ira Th 1c 11i t s. just it led1 I li W5 l tis aipproiach.



I .tI (bhut Ii 'd thlt. Yort.. I i Sitipr. o I ,-s n u rn iit i i ()fp r~l c /t

TI W,tt I 1 1-h .11 I~.'~ ti.v' wa-t i cliffi rvd t i r an aIi In. w iul Of i t Iti n

I' ' . Itt s I iti' i - r tYT ,,Ini fih t-t iT if i ( I, t.(11tc',.Ifi

t I .,, i- t i 1de t If 101 i ' x I tir I ,~ if ' I vu- tI . 4 n Ia. I't I it*

"Itiai sIT it I'

ill a - 11 1 t I1 1 - I



* I lit uptrat illn), manilal t or tht ilt f r svst em wa-, va '! and it Iv

wr itt (n. ihvev lopmvnt ti! prolt tiircs di rect Iv app I i aIl, t , m, t aI-.

wa rIqili e d.

. Rt on at mosphtr was dirty; t empin .rat lire was poor Iv (,it r, I I c,; t I.

air londit ioning was not lisah il.

I ht- R icthe rt m i rtic r i ps lt. i a Ii , li Vl lt . il . t tti, 1, t V. I

ixt's. lIhi rtiquli rtt i strvittllldll or a t ss tt o -ipi t ii I,, - I lld

i ot, I r a vllt'llt .

Bit. arri I di st tr t i n iii t hev ti I aictifIt li-s will. 5igt in nt I

a(t llit isvs bet t er t kin , 2

, W dt l , r iv. in tlit. • d i rt t ion rtlu i rtd rtpa ir. I 1fi ;t igi.

t ,tllfdc to ;t itit difir ijg motor-iont ri lid moViwIlnt .

+ vt., a I i ntivu nt w ithI tfilt, opt icall a:xis; of til- M~i, r 0- oou , ,~- + ,,

'I,-t ,t t , . II.m.s tl(l o.i I dt.a It witI I d Irin g scrv i I ca II . 1i t a i r -

onlit I i t i ti) t ohI i-l wtti Ill hi' p) rtiCi-SSiu t fininigi11 t hit IIIi lIidi [IV Mon i t I I t-And

11I , I, 1 011tl" I .

ti lict ,. St t'7d i t t i 1 t it s coutid not be I leared up , thu pot ntit tat of

th, M in re lat ion tt research reqtiiird was determined to he minimal,

iii It. t knit was turnetd in.

1iit i ,r . lHiih HP digitizir available in MU.IN was used for some problems not

tr.it t.i!kl ,It ilt. (QM. ill p;rticulair, if a photograph of the surface of

itt Iirt t1ulId it made and an artea or distance measurement was desireid, then

Litt digit izer was tilt' simplest route to ac-complishing this work. Intrinsic

acculracv of measurement on the digitizer is 1 0.01 in. Closed areas,

individuaI letngths, curve length, and several other geometr cal measurements

call hi made t.sing this devictt. Since a HP 9820 calculator is part of this

svst,.ni, as wt I as a plttter, further refinement of the data can be done

irntm.diatt.lv or as part of the measurement itself.
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EXPERIMENTAL GRAPH

X

(b)
Y MI POINTS

ARRAY OF POINTS COLLECTED FROM TABLET

x

1j~oYo)REFERENCE LENGTHS

(c)

L

Xf X2 '" X1XMi

AVERAGE VALUES OF y WITHIN INTERVAL xj-x1

SLOPE IS CALCULATED FROM ii-

.2'. (raplts Illistrat iiw 00 BaSil, t )r c~aI c u Iat i Ti

' I opvt rom an Expf-r itwntal Cu(rve.
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The procedure is as tollows:

t'se graphics table disk (has slope written on it). Turn on printer.

Put disk in drive

Press re-set

Ivpc l, then hold down CTRL. kev and press P

Pr t'; r to - kev

\sait tor APPLE logo to come on screen

Press ESC ke'

Pres 0

Prt ss return

Tvpc RUN CONTINUOUS. CURVE. SLOPE

Enter x factor

Enter v factor

TIake pen and locate reference square

Press pen down at lower left corner of square

Wait for beep

Pr-ss e)(nl) down on tipper right corner of square

tale i.t tors wi l he printed out

lIke a ten an~d l oc'atc start ing point on curve

lhold it d,,wn and move pen until at end of curve

Lift pen up

I'/Il'Ie pen at top Of ialLe't, press down once

The rest ot program runs, finishing with plot of slope curve.
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An '.\planIat Ion ot the ',ro ,riTrI, I Ii, I"' I ill I stet hill ''t it l , i s .i

t (l lows:

111-12 l)imt'nsion statements Set t i ug upper I lits on sulscr i 1tt, var iables

20 (ont roI stat ement

11) (Command to bypass subrout ines

21)(Y-28) Subroumtint to obtain a set of x,v values t rom the tablet

I() (lears the tab let

i 19- Q2) Inputs of unit factor (x,v) on graph (number of units/em)

14o Command to generate (x,v) points

i,)) First set of values for (xo, y 0 ) for reference scale

il) Time delay to allow operator time to use the pen

170

380 Command to generate (xl,Y) Values

390 Second set of values for (x,y) for reference scale

400 Calculate difference (xl - xo9 y - y)

410 Calculate scale factors:

graph reference scale = scale unit distance

cm factor on tle tablet

thrfr s=XR -YR

therefoe xs = yXS, YS - scale factorXD -YD XR, YR - unit distance on
the tablet

XD, YD - graph reference scale

415 Turn on the printer

420

430 Turn off the printer

440-500 Routine to generate (x,y) points continuously

470 check to stop collecting data.

510 Increment MI since it is too large by 1 because of 490

515 Turn printer on

520 Enter the number of increments into which the curve is to be

divided for generating points on the curve. The purpose is to

create a curve that has NX points generated from the MI set of

points obtained in section 440-500.
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-. i it'Hi, It litroig! hc li ort -mibroit i nv at 809-1100, f inds

tHi' I,, ,! i lit i m va.- Itit ol It lit ! po ints inl the x array.

I1 ) Ut t I m o Ia: n
it incremets

.-iiii iiin ot valw,~ nt-clid in plot routine

r I ir't t'l it, m',:: il tiiIt va I tics of t lit- M I po ints in

tII IT I It I, Ti t t oT r va r i alT) 1 1.-s

VI i t iit aIi, ol X tor the NX increments

.1 t Il I f I v in thet( x increment LK-1 to LK

.1 oi: inl the MI points wicit are

"T t i- t at II ,compare va] ues in

F i titt the ValueI is less titan the(- current

I I it is, titer' take' the vaile Of V

Iii :: t iii 't VAtLes Of v, found so far.

-. 1 it I I", XIIIif It in the( interval increment

-~ ~ .I ,- -zero vaIlue of v

* 'K 1 s i t 111 t Ii' Ii~l for v' I l ies -NX

I, III LIIic t~lel



1200-1 150 Slope calcul Iat ion subrout Ine

II mC. 1111,1,1I P IO 5 . r' to 0 t u~ , t Ii,. T()~l t

po in ts t o I) alcilie will be One Iiss thban *n ttretd at

I ine ')20. A se'ondi point is lost at the e-nd also be-cause,

of tak ing dli t fevrenc es . Hence,. thle to()talI nu mbe r ot pi nt s

is NK-2.

1250 C:alcuilate' slope

S (IS) = v d it t vrence/x dlitference

2000- 3080) P lot rout ine

2002 Ca ilcuilate s lope I

2015 Print values of interval number NX

1,tn printer) x value

v value

2130 print number of points to be plottedI N

2200 Prinut coordinatecs of poi nts

22 15 Print aryof values

2300 Print values-, Of (x,%',') whure axes in tLrS'C't

*Data Analysis. To assist in satisfying the data-analysis objective of the

sL'ope ot the work, a number of computer programs have been prepared for

use, Witth tILe data-acquisition ;-Ystem. These programs are written in BASIC

andl arc read iiv transtI errable to FORTRAN for use o~n the CDC 6600 terminalIs,
it required.

Curret- lv the following arc available:

GAUTSS - calculates and plots on CRT various Gaussian distributions.

FRAME EI)S - ZAF correct ion program using EDS data.

FRAME tWIJS MOD - ZAF correct ion program using WDS data.

FRAME AN(;LE - ZAF correct ion program using WI)S or EDS data as

function of angle.

LEAST SQJUARES - calculates least-squares fit to set of data.
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1i'INI OKFIR FI calcd iul ati-s a f it to a spec if ic second-order equat ion.

IN NI Vs (F-FK) N -calc h'iatv- Ic last-squares fit to equat ion

I nIn (E-FX

IN %I %*!INF~ - c'alcunlat es least-squares fit to tnT vs mnE
RAI I II" - -3lculalts rat its o)t pevak data for given elements. All c omb ina t i ons,

al I nc I Ildt~d

IMO N t N I - .alIn Iat es equivalent K-I ine counts using cu rye- fit parameteirs.

,i lc III ARIS saml, .3s a1bove but fi ts calculated data to a curve by

I 'as t -s (Itiiires mot hod.

MOP1 NAt It0), I - m I i I i (a-t ionII to( ab~ove .

NIH oII~ RNI RP RFSS ION -calcuila-tes least-squares curve for nth order equat ion.

"I111IN. NDI'SS 'I0N -calculates inear tfit for multiple variable set

(It data.

FIA -cnat'.a'-,at coefficients for use with alloy data.

IN .. .ottit oI) calIcuitlatecd quant i tv to des ired l ength .

II ,, tinl to, thii it hema't iC;al rot lin-;, the svstem will process

):lI I It ,II .It',F. sk,'viral prograrns have bee-n written for tracking hours

I~a it I 11) o 4 tiri on) Ii Ik s o rt i nl oF( la t a, o r ls ts byv s ize o r

a I j a i.11 t-t i ca I or d -

S i ia I I t -,

Si!7. iiI ~r, aid I"I Products. IDetaile-d character i/at ion was

'i i cr III I i a I Io: powde-rs. The thrust of the effort was

t i -:i, t i /A t 11 iy ' i' Iii t r' s.1 o01 morphology, phaset , i mpur i t v

"t r':, i ''it ioi st rI-Ictizr,', anld thermal stab iiitv. Because

t w i'~~! t : nor , i t was divided into two parts. The

i A I L i 'o t I I :11 ;I i's, powders and thet second Spec i f ical IV

xi.' :~t l dd li t inIls (If S and (.. TI i - f irs t 1)arI-t i s

Ii- sill t h" I EKM aind ti11 SFIM Stibsk-t ions, and thet second part is

xp)la imii inl t 1 i- s 'ct ion.



It is flecessilrv to characterize Ti P/M alloys with dispersions and se-cond

pha sts pre sent hecauise of- thle changes i ndunced inl tile mechan ica Iprrope r ties

by. , suchI in c I kIs io)ns . S ince th is is a com plIex p roblIem, a -sim plec ~-a I I o % was

chos;en t or ietaijled character izat ion in order to obta in a bet ter uinder-

standing o! t ilt role of di spers ions sucht as Si andi (ec. Si is a pot ent

;t reng thiener in 1Vi all ovs when i usod il it erv small amouintVs, wi iI vt rv

l it tle is known aboutt Cc in) Ti alIltt\s . Al so Gk' haS a htighter soI tb i Iit';

than Si and is expected to be less mobile which would load tot more desirable,

proper-t ls titan those \'i elded by Si in Ti al lovs.

'We in itial1 foctis of this ef fort was to character i 7 a spec ii I( T i alIloy

as;ill CX;1Iftp Of tlte in flutente of - ) r i I I so I tib Ilv d is sp-rso i (Is tupon T i

1. i t'r'aturt- I, I diAt1it Tn 'l-S i llovs were- ,i Ia it t-d-, an ( btut t melcts oft T i

Six t v'pes o1 t t~ i -'ii prOdiUcCd by Vito (o()t Id CI Clemn ta I -b)1lod me t hod wt-re

rect- i ved. The-se weru col1d compacted at F) tois and si nt ert'd at 2 3(1)[.

for 4 hr. Sect ions f rom each were made. Spec imens of each t vpto wore

sent to Kelsey-Ilavcs for HIP' ing at 15 KSI and 1700'F for 2 hr. Extrusions

of convent iotnal1 alloys were made andi sect ions were. cit from one e-xt rtision.

The P /M a].lox's prepa red ; t si I

1. Base ('isAI-2.7S Sn)

2. Base + 0.1 S i

3. Basec + (0.5 S51

4. Base + 0. 1 G e

5. Base + 0. 7) Ce

6. Base + 1.0) (v
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. t ' .-ol t' w.r part i-I lv r,.portt d in two papers pr.pared or, pri's(.nta-

"! I I i't ,11t 1 i , :t ions, ) ' ,t a i I of thes' papers not iic Iidled

,.1 , S ;,, I imitIt ins at,, pr . ,t - d litow. H * tort- incI Iit'tI

I j i , , Or , it ' , t II(tn-I I t c 1' i ti ', a ' itt N(. 1 V i ,,nt , n1d tn;I I vs is

,, , , .xt t d1 d l I oy.

itv in each ot tht allovs was measured using optical micrographs.

itt tI,, It I. im ,t 720 s cstem was not ftnct ion ing, the Ze iss part ic Iv

w. i-, . wil ,. I n IrIretnent 0 of the o rior inal micrographs.

t o , T tot(- wtr,, tis d. IThe first set (ori ginal: (. ) provt.d to

L Ir ,st in,' t ihL tI-Chn iqili, but d id not ptov ide utitI I,'i ent r-sii-

t i , ti -:o r- , to li ot va Int,. [he next two sets of micrographs wer-

ti< I -it 21i wl,i-h , wien ,-nlargt,,d to 8 - I0 prints, allowcd rliable

, I t i I' 'Ot " i m i i.'1 t ion r dt witich t I a 1111n 1 at k' t II mit -a t.Ird

X', t, r,- t .1('t Ii I I I , a t -I- s in t he, spcc i n ,n. Ihi. I owc r i mit I)t mc.a-

0 I',,t WI :'l it ', .. i ith w.'i determined I) the rtsoltit ion ot t lit' Z.i ,4

:Ia-.d upon t h.se counts, plots of count vs. diameter were made to dete.rmine

ti, t '.:j- 'I di St riibution for the pores. The curves sutggest that t lik'

,i it rilu it ions , a . :-xpolent ia I. To evaluate t Ii s observat ion, t tI-hn i(iu-,s
I

It-. t'it, s 11VI lit-rwoOd I wei-e used in wh ich the experimenta dI ( t rilitt ion

' s't I.a to I p iiroduct o two fitinc t ions. The first is a p roia i I lit v

tinct ion whi ch takes into account the randomness of the slitce throtIgh

ti.- sp .imnen. lHIt sVctOnd is tht theoret ical distribution function for

th, po r.t-. Thie data were analvzt-.d using C.aissian, cinstant, and exponent ial

tor lhip-normal) tvpc. d ist r ibut ions. The best I it ia terms ot vetural

shap.' was producettd tising, the exponent ial-tvpe dist ribut ion tunct ion.

15 it~l.,te t requencv data, area t racttions for the pores were Ca'lctIl.it td

and plotted. Comparison olI- as-r'ceivw,(i to t11P'd spec imens c larl v shows

thq, r(duct ion in area fraction and mean pore diameter achieved with the,

HIP'ing conditions used.
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M i rostr Itur, ,oI tit, as-reiceived and IWi ma t trial Wr, ltrti i n d.

C'omp. iI-i s, 1n tl a s-r t, c iwv ( aI10yS ( C'S) Wit t l ' 1111W tMat.r in Is ((€ 3SIt) i s

shownl illF s Z-It l. Ihe a s- r vc viwd ma t vr ia I encra IIv i,-hh it ted

L-lath' With some ndicat ion of a second phase at the lath boundaries.

lic 1111"d aaterial shrows a grain structure toge-ther with the original

-Iaths. Ih is cr ain structure has sharp boundaries, and the grains

tend t otsirriind sevral i-laths. Def inition of the laths is reduced

with a !,roadcyininck ot boundaries. The lar ge pores tend to situate them-

slv., at Iath hotindarics. Small pores exhibit no preference for location

in tli-. 1athi sOF the large grains. Boundaries pass through pores for both

p" p i re s. I-( rinaI-e tch experiments (T = 540'C for 4 hr in vacuum)

,lid Mut ,i .ari riVea the microstructure, although some changes were

i'il,: ly rtlit .d i,, l',;.s of dt-tinit i,,i of lath boundaries.

1 !,i... ! -'vi ru samples were made hy mechanically thinning a slice to

it ,. li in. and then jiut thinning to pt-rior;tion. Results were

I I i, l. I. Poc'r,,itv ,i th,. material caused thinning to occur unevenly,
i:, :. ,ihs,.-r,.,t o t ie t, trictulres di-ficult. The tendency was to

t, t , h' ti t it l ini the pore area, leaving very small thin edges

: t 'o, ',I ' lih,'s, could be penetrated by the TEM electron beam.

Ht, t t , Ii r ,,.t.,wn the pores which was the bulk of the foil was

t I ,it.. to irmit observation of the details of the material.

ai', r, whi, h ,'uIlId be observed, pores which had not been etched,

t wi . i tie tnterior, were observed to contain material

f! , , lit r,,,- tlie hu I . 5TE-M analysis of these pores, carried out at

H i t.,', :11,! 11 ( 1 Iin.t -inment Laboratories, showed the presence of Fe and

I. wlit ut (.Id on tihe edge of opened pores as well as in the

r*,;., a ii . I.' t ;ct.u imnens e.stahl ished t ie values of the concentrat ions

t , i r+rl -* , .t .it ti .1'It-1 t tlii i t ti ;Iwc I mts are h omogelleoLs

.ti i! , , , i , ..

z+ 4
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Prob I ems (Iut to poros it V of the speci mens may arise since the possi bi I it v

texi sts ot analvzing on a spot where a large pore is just beneath the

sur! ace. Cart- was taken to avoid this situation by examining regions where

no l ariter pores were evident and by examining several spots. All data were

usin! a reduced scanning mode at a magnification of 2000e. This

aJpp roach I rodiCtd contaminat ion in the area scanned.

tondl phase's present in several specimens were examined to determine

,lualitat i 't.Iv any dit t, rences in composition as compared to the interior

t, Ot- -laths. Dilftrences in counts were found for Al and Sn. Ti, (e,

oir Si counts we r, esstnt iallv unchanged. The table below shows raw WDS

count dati Obt iid from the base plus 1.0 Ge alloy. The di I ferences

it' t itetf tic interior and the lath boundary are small but definitel real

r t ik r as- r 't i- td spt, c imen . For the ill1)'d material, the difference in

AI is susp,.ct, but the difference in the Sn count is significant.

BASE PLUS 1.0 w/o Ge, AS RECEIVED

Interior Lath Boundary

Al 3700 3100

Sn 1325 1698

Ti 298704 297455

Ge 815 849

(Counts Time = 50 sec)

BASE PLUS 1.0 w/o Ge, HIP'd

Al 770 780

S1n 3510 3820

Ce 2100 2100

Ti 298704 297455



liomogeneitv studies were performed using the microprobe on three of the
2

as-received al lovs. As a resul t of work reported by Bover, et al , at

the 1980 las Vegas AlME Meeting, a detailed probe examination of three of

the as-received allovs was made. The problem in conducting such analyses

is the possibilitv of instrumental errors which could be interpreted as

real variations in concentration. Consequently, most of the effort in

collect ing data was expended in ident ifying possible instrumental errors

which could significantly contribute to spread in the measured concentration

of an element.

The approach taken was to scan the beam in a reduced mode at high magnifi-

cation (5000-), taking data at fixed spots along the Y direction. The

counts were converted to concentrations, and plots for each element were

made.

Variations in concentration for the base + 0.5 Si alloy are shown in the

plots in Figs. 12-11. One expects some variation in the concentrations

because of the statistical nature of the counting process and the approxi-

mat ions IUSed in calculating the concent rations. Ordinarily these are on

the order ot to 10% relative error. Thus, it is not surprising to

observe that the concentrations vary across the specimen. The question to

be answered is whither there is a pattern to the variation or whether the

range of variation is unusual.

The Al concentration appears to be relatively flat across the specimen.

There is no obvious trend. Si exhibits a possible trend to lower values

across the specimen, but the results are not clear cut in this case.

Sn, on the other hand, shows a distinctive oscillation in concentration

and a trend to higher values at one end of the specimen. There appears

to be a cyclic variation. The Ti plot, while showing what appears to be

large fluctuations, is generally flat. The spread in values is within

the 5 to 10% range, as expected.
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H ,iii I . i s a pl 1ot t thle tot"]l concent ra t ions f or Spec imen Nos . 3 and 6

S ; i111 and all OVS). The daa ind icate that overall, the sum of all the

tOl"In~l t i-at ilns is rclIat i\tIvelf cost ant to a few we ight percent , as expected.

iir-Sult, lr tht. hase. + 1.(0 Ce are illustrated in Figs. '34-36. Variation

;in A Ii th. spvc imcn is with in expected values, and the general curve

L,!Itm. Simi lir cm)c lus ions applv to the Ge andl the Ti concentrations.

A, ,it h i.wiie No. l, theL SnvalueS exhi hit a trend to h igher values at

K. -it i'A t x~I-r n1,trr'a ized to) thet calculated total in each case and for

-i, s:'ot ot t iw specimenii i an effoirt to reduce the effects of fluctuat ions

i- ilt ii l-t kin-i :iapprttximat ions, which result in the total concentrations

in. -- Lis th--r thian l00,L. For the data this is an acceptable

rn-c-ri litit is ci tain that cont rihirt ions from other elements are

::al. -, iil-mt-s ttI tile normial izat ion are shnwn In Figs. 37-38.

-t trn: ':iit ions is . 'Ilit- plot accentlUates the cvCl ic nature

* :11I i jo. i- iathir simwithi ;inuisoidal variation mna\' indicate

It mti. "i-t cu-h itt is xarviin---not thie itini-entration.

Pits. restlt Iave i I ped to~ de f inc, the var iat ions in concentration

ii1_ ;ii 1Selt . H t thet rtilts are still 1pt'n to qJuest ion. I t seCT1S,

I ir thait Al is rclat iv-I'in itform airtiss- thn- Specimen anti that (,e anid

ii sork F"Lili in.-sle.tvt tions. Si mav he inhtimigencoiisl V in soltit ion

ill,. tl-t is a rs httrend to ineILar variation across the specimien.

1i'cst'(I Snt is tiistial in that thet varilat ions, appear to he sinusolidal

ii tI it( i ii nat it. I t is jiossib it that t he( probe bteam was 1 aced'( on

!I dIsts"k. whiti t il. dat a wecit t a k-nT at otne pwi t and riot oin Sn-ri cl

qitt I t-i , pw lit . Thiis iCt1i1111 (:11 a in the sia r in tilie data from

al' I'iii - iSi. fill ditI c-lit' With tinl, intct'rretat ion is

J.it ti t h . : t vIi li vii lIt ittn aiS t in. t, ovt-s aIc ross t It t s pec i men stir I-fa c.v

ti -' i is , j t t (Ii If t lit, ht-nilu i s ranl v' 1) accd t i i Sn-ri tli and thlen

,n t :0in ti-.". (in- witti II txpt.- t aI wilt' rain'. lit Valu tes randtni lv

i i t !o- Alt it t-ti-t -at. iii rsi d istant.
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From these data, one concludes that the beta transus occurs at 1850*F.

These values for transus temperatures are those expected for Ti-5 Al-2.5Sn

according to the literature values (beta at 1875°F).

Aging experiments were conducted to obtain data on changes in microstructure

induced bv heating. Figures 40-45 show microstructures after heating at

540'C for 29 hr in vacuum, air cooled. These figures are comparisons of

(CS and CCS11 alloys after aging at 29 hr at 1000'F, air cooled. Generallv

the new grain structure observed in the |iIP'd specimens developed more

fullv, and the lath boundaries faded. A second-phase was evident on

several samples.

Heat Treatment. The three furnaces in Bldg. 32, Room 17, required updating

and improvement in the flexibility in control of the temperature profiles

attainable. To accomplish this process-controller additions were designed.

The, Micricon Process Controllers were integrated into the existing control

sstems on each furnace. The controllers are programmable to allow

control of one or two process variables on each furnace.

1he Centorr hot press is designed to apply hvdraulic uniaxial loads of up

to 100,000 lb on a specimen in vacuum at temperatures up to about 1900'F.

Figure 46 is a block diagram of the system showing control loops, inputs,

and outputs to be attached to and controlled by the controller.

Figures 47 and 48 are block diagrams of the middle Brew and quench Brew

rurnaces. These were generated in order to identify precisely the control

variables required by the programmer controllers. The actual values of

tht, variables (ranges) are listed for each furnace on pages 79 and 80.
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rn tihlsts, m were ictai led, a Micr icon P'rogramme~r Control icr was

obt :i ilued titu Ie up to conitrolI t he lhot rtss. A irepresentat lye temperature

pIi1, vis Iaw.1liup, mid a proglram to obta in tlii s prot 1 11 was; wri t ten and

0 lt vld inlto tlict pFilenmer 11loft rol ler t winct ioned acuratel v in

lo I I,,,iric t he, les i red pro i It, in termis of turn ing on/oftf relavs and

il 0,01 l power out put , t he-rey demonstrat ing the feasibi Iitv of

oIt tInl im, cont rolI o I the k hot -p11ress svst em an d tIt e o tnie rs a s wel

,~~~ r.i ,I l; oult 1"l 1pro? ii It. i s shlown in 1:i g. 4 9. Tihu tenmperatru

i i, t d div i td iltt o1 asett o t t irnec se-gmentLs dur ing wiich events are

i t o oru or Ii t Ilet t, PilCra t iire ra mps a re a ct i va tcd . The programmer

cont roll 7, i I po ira 1mei t o conlt rml pirWer t o tihe fuitrnac v i n a t i me-

I : 1 11i ko l ll id 1- 0 ' I-i ii;i iltta 1ili ng ;i -,evt po i it t o pred eermifned I i gi

wI Io.,' itt ion-.. iii' I'VeLtS (on/oftI) are actulated bv switching

i I lat I ,, I ild- s il t la %, i r l ix theli se4menlt . D~eta I ofI t he 1)rog ramm ing

1', 1 ult 1'. ;'rI-,i~tu liclre silh- tilt",( art, availabll- in tile Micricon

;I I..I-i i W tilt (ont roll Ier-s into tilt' Itililk-L svstemns has been accompl i sled

I 'I WA% t~jt fillth 11111 rianllal control has hcen retained. Either pro-

I 1 17'1 '1" il-; C-1n hC ru11n or Manul hit treatment (-an he accompliihed.

I :: ii Ii it \ is- rcql i re d because, ofI the1( resca rc Il/deveIo p men t na tlre

t it c 'l'r I tu heI) a(cw In i [ d I1, I s lit, ti11L fit rna ces.
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LIST OF VARIABLES USED FOR EACH FURNACE

Hot Press:

Sensors

TC-type K
Pressure (vac) 0-10 mV

Stress 0-10 mV LOAD
Water interlock 120V relay

Switches

Mech pump
Diff pump
Heaters

Cont rol-Heaters

Thvratron 0-5.4mA
into 0-3K:Iload

Brew Vacuum-:

Sensors

TC- Type K
Pressure (vac) 0-10 mV
ater interlock 120 VAC Relay

Switches

Mech Pump
I)iff Pump 120 VAC RElays
Hteaters

Control-Heaters

Phaser power controller Model 646
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Pr,- 4slrc (V\AC~) 0- 10I MV
%a It t -r l ti er I oc s 12() VA( Rk, I

S , it ch~

t t I pIntp I

(Inc1iic s t a r t

' t I k rI'

I I t t d
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